Among genes involved in the regulation of germ cell differentiation, those of DDX4/Vasa and the Ded1/DDX3 subfamilies encode for DEAD-box ATP-dependent RNA helicases, proteins involved in many mechanisms related to RNA processing. For the first time in reptiles, using specific antibodies at confocal microscopy, we analysed the localization pattern of a Ded1/DDX3 subfamily member in testis and ovary of Podarcis sicula (Ps-PL10) during the reproductive cycle. In testis, Ps-PL10 is expressed in the cytoplasm of spermatocytes and it is not detected in spermatogonia. Differently from Ps-VASA, in round spermatids, Ps-PL10 is not segregated in the chromatoid body but it accumulates in the cytoplasm of residual bodies, and mature spermatozoa are unstained. These observations suggest that in males, Ps-PL10 (1) is involved in spermatogenesis and (2) is then eliminated with residual bodies. In the ovary, Ps-PL10 is present with granules in the cytoplasm of early meiotic cells of the germinal bed (GB), while it is not present in oogonia and somatic cells of the GB stroma. In follicular cells of ovarian follicles, Ps-PL10 expression starts after their fusion with the oocyte. Numerous Ps-PL10 spots are visible in pyriform (nurse-like) cells concomitantly with the protein accumulation in the cytoplasm of differentiating oocyte. In pyriform cells, Ps-PL10 spots are present in the cytoplasm and nuclei, as observed for Ps-VASA, and in the nucleoli, suggesting for Ps-PL10 a role in rRNA processing and in the transport of molecules from the nucleus to cytoplasm and from nurse cells to the oocyte.
INTRODUCTION
In recent years, a number of "germ line factors" driving germ cell differentiation in both sexes have been identified in Sharma and Jankowsky, 2014; Kozin and Kostyuchenko, 2015; Siebert et al., 2015; Fierro-Constaín et al., 2017) . These genes encode for DEAD-box ATP-dependent RNA helicases (Linder et al., '89) and proteins found in all eukaryotes and most prokaryotes (e.g., Schmid and Linder, '92; Fujiwara et al., '94; Komiya et al., '94; Fabioux et al., 2004; Zhou et al., 2010) . The DEAD-box family proteins are characterized by nine conserved motifs, such as the D-E-A-D (Asp-Glu-Ala-Asp) box from which the family is named after, and are involved in many processes related to RNA, ranging from its synthesis to splicing, translation, degradation, stability, and nucleocytoplasmic transport (Linder and Jankowsky, 2011; Fuller-Pace, 2013, 2015) .
The DEAD-box proteins are divided into subfamilies according to their sequence and function. DDX4/Vasa, Ded1/DDX3, and p68/DDX5 are closely related subfamilies whose homologs form highly supported and distinct clusters in phylogenetic analysis (Wang et al., 2012) .
p68/DDX5 proteins are among the first DEAD-box for which RNA helicase activity was demonstrated in vitro (Ford et al., '88; Hirling et al., '89) . These proteins are expressed in meiotic testicular cells but also in various other tissues (Hirling et al., '89; Lemaire and Heinlein, '93) . DDX4/Vasa proteins are expressed in both male and female germ cells (Lasko and Ashburner, '88) and are essential in gametogenesis and germ cell specification during embryogenesis (Raz, 2000) . Nonetheless, in some animals, DDX4/Vasa proteins are also expressed in stem cells of diverse origin, in which they contribute to cell cycle and developmental regulation (Leclère et al., 2012; Kozin and Kostyuchenko, 2015; Siebert et al., 2015; Yajima and Wessel, 2015; Fierro-Constaín et al., 2017) . In other animals, their expression appears to be restricted to the germ cell lineage (Zhou et al., 2010) .
Ded1/DDX3 members are present in a wide range of eukaryotes (Sharma and Jankowsky, 2014) ; Table 1 reports data about animals, the object of this study. In invertebrates and non-mammal vertebrates, Ded1/DDX3 genes are often named pl10. In invertebrates, for example, Hydra, planarians, and Drosophila, they are important for spermatogenesis and differentiation (Mochizuki et al., 2001; Solana and Romero, 2009; Kotov et al., 2016) .
Among vertebrates, Ded1/DDX3 genes have been studied in detail in mammals. The mouse, for example, has three Ded1/DDX3 genes (Gee and Conboy, '94; Sowden et al., '95 ). An autosomal form (PL10) is expressed in testicular tissues at the pachytene stage of male meiosis (Inoue et al., 2016; Leroy et al., '89 ) with a possible role in translational regulation (Chuang et al., '97) . Instead, the human genome contains two homologs of the Ded1/DDX3 subfamily with a Y-linked form translated only in testes, especially in spermatogonia (Ditton et al., 2004; Foresta et al., 2000) . In non-mammal animals, as well as in noneutherian mammals, pl10 is, with few exceptions (see FierroConstaín et al., 2017) , the sole member of the subfamily (Chang and Liu, 2010) . Several detailed, recent studies documented its localization pattern in animals such as sponges and cnidarians, while the study of its localization in vertebrates is limited (see Table 1 ). In zebrafish, RNA in situ hybridization revealed that Rauschendorf et al. (2014) the pl10-homologous gene (pl10a) is highly transcribed in germ cells (Olsen et al., '97) . Xenopus laevis pl10 (an3) has been localized as transcript predominantly to the animal hemisphere of oocytes (Gururajan et al., '94; Gururajan and Weeks, '97) , as also documented for one of the three Ded1/DDX3 of the mouse (Sowden et al., '95) . Specifically, during X. laevis oogenesis, An3 protein can be found both in the cytoplasm, nucleus, and nucleoli (Gururajan et al., '94) . There are no available data regarding Ded1/DDX3 (PL10) localization and expression in reptiles. Recently, a DEAD-box protein belonging to the DDX4/Vasa subfamily (Ps-VASA) was specifically localized in both female and male germ cells of the lizard Podarcis sicula (Maurizii et al., 2009; Maurizii, 2014, 2015) .
The aim of the present work was to characterize a Ded1/DDX3 protein for the first time in a reptile and to document its expression during the differentiation process of germ cells, comparing its localization with that of VASA. First, we sequenced a portion of P. sicula pl10 homologous gene (Ps-pl10) and developed two specific antibodies on the inferred amino acid sequence (anti-Ps-PL10). Then, we utilized anti-Ps-PL10 to analyze, at confocal microscopy, the localization pattern of the protein during gametogenesis. In particular, Ps-PL10 expression was analysed during spermatogenesis in the adult male in all phases of the reproductive cycle, in the juvenile male (when seminiferous tubules are forming), and during early oogenesis in adult female, both in hibernating and metabolically active lizards. The present work adds insights into reptiles, broadening the knowledge about Ded1/DDX3 protein expression; moreover, since non-model organisms are important in the field of comparative biology and evolutionary developmental biology, we think that filling this gap will be useful to reach a comprehensive overview on the topic.
MATERIALS AND METHODS

Experimental Animals
Sexually mature specimens of P. sicula Raf. (15 females and 15 males), collected in the neighborhoods of Naples (Italy), were used in this study.
In particular, to analyse the expression pattern of Ps-PL10 in adult testis in each phases of the reproductive cycle, we sacrificed animals in different periods of the year: in the spring (May) during full gonadic activity with spermiation, in the summer (end of July) during regression, and in November during slow autumnal recrudescence without spermiation. Moreover, in November, two P. sicula young males were used to study testes in which the germ cells inside the epithelium of the seminiferous tubules were forming.
To analyze the expression pattern of Ps-PL10 in adult ovaries, we used metabolically active (spring-summer) and hibernating (winter) lizards. The animals were kept under seasonal environmental conditions with respect to temperature and light and were fed with insects. All procedures were in accordance with the guidelines of the European Communities Council Directive (86/609/CEE), the current Italian legislation for the use and care of animals, and conformed to the guidelines of the US National Institutes of Health.
Sequencing and Gene Characterization
Total RNA of gonads was isolated using TRIzol R RNA Isolation Reagents (Life Technologies), and SuperScript TM FirstStrand Synthesis System for RT-PCR was used to obtain cDNA. Given the absence of P. sicula pl10 gene in database, we used primers already available in our laboratory and constructed on conserved regions of other RNA helicases. We used two primer pairs: T1-forward -ATGGCNTGYGCNCARACNGGand T1-reverse-CATNCGRTCNGCYCTATCNAGNAC- (Tsunekawa et al., 2000) , and VAS_A-ATGGCNTGYGCNCARACNGG-and VAS_E-GGCATRTCRTARTTDATNACRTG- (Fabioux et al., 2004) . Sequencing was performed at Macrogen Inc. (Seoul, South Korea). Nucleotide sequences were assembled and aligned with MEGA7 (Kumar et al., 2016) . The obtained sequences were translated and the amino acid sequences were analyzed, using the online BLAST at NCBI, to assess their similarity with other DEADbox proteins in GenBank. We aligned the obtained protein with orthologous sequences downloaded from UniProt. Orthology was assessed with OrthoMCL (www.orthomcl.org; Fischer et al., 2011) . InterPro (http://www.ebi.ac.uk/interpro/; Mitchell et al., 2015) was used to search for conserved protein domains. We also performed a phylogenetic analysis based on the Neighbor Joining and Maximum Likelihood methods (Mega 7; 1,000 bootstrap replicates) including proteins belonging to DDX4/Vasa, Ded1/DDX3, and p68/DDX5 subfamilies.
Antibody Production
The amino acid sequence obtained for P. sicula PL10 (Ps-PL10) allowed us to choose two peptides with "good antigenicity," "good solubility," and "good epitope prediction" (according to the computational analyses performed by Davids Biotechnology, Regensburg, Germany) that were used for rabbit immunization. Two specific antibodies were generated against the two peptides YEEARKFAYRSKVRPC and DALRAMKENGRYGRRKQY (anti-Ps-PL10-YEE and anti-Ps-PL10-DAL, respectively). The obtained antibodies were tested for immunoreactivity by enzyme-linked immunosorbent assay (ELISA) with the corresponding immunogenic peptide and were later purified by affinity chromatography. The immunization protocol, the immunoreactivity test, and the affinity purification from rabbit serum were carried out by a biotechnology company (Davids Biotechnology).
SDS-PAGE and Western Blot Analyses
Ovaries and testes were homogenized, using an Ultra Turrax T25 (Janke & Kunkel IKA-labortechnik), in a buffer containing 10 mM Tris-HCl, pH 7.5, 1 mM ethylene glycol-bis(2-aminoethyl ether)-N,N,N',N'-tetraacetic acid (EGTA) and in the presence of the following protease inhibitors: 1 mM PMSF and 2 × protease inhibitor cocktail tablets (Complete Mini of Roche). The homogenate was centrifuged at 4°C at 7,500 rcf for 10-20 min, depending on the clearness of the supernatant. Supernatant proteins were quantified using the Lowry method (Lowry et al., '51) . Extracts (30-40 μg of total proteins) were utilized for SDS-PAGE and immunoblotting as previously described in Milani and Maurizii (2015) . Membranes were incubated with rabbit anti-Ps-PL10-YEE and anti-Ps-PL10-DAL, diluted 1:1,000 with 0.1% Tween 20 (Tw) (Sigma) in Tris buffered saline solution (TBS: 200 mM Trizma base; 137 mM NaCl), namely TBS-0.1%Tw, overnight at 4°C, plus 1 hr 15 min at room temperature (RT). After rinsing, membranes were incubated with goat antirabbit secondary antibody, conjugated with horseradish peroxidase (Santa Cruz Biotechnology Inc., Santa Cruz, CA) diluted 1:5,000 in TBS-0.1% Tw for 1 hr and 15 min at RT. After washes, membranes were treated with ECL Western Blotting Detection Reagents (Santa Cruz Biotechnology Inc.) and exposed to Hyperfilm ECL (GE Healthcare). As negative control, the primary antibody was preincubated for 1 hr at RT with a 10-fold molar excess (w/v) of the peptide against which it was raised.
Confocal Microscopy Analyses
Tissue Processing. Ovaries and testes were rapidly removed and fixed with 3.7% paraformaldehyde plus 0.25% or 0.5% glutaraldehyde in a buffer containing 80 mM KPIPES, 1 mM MgCl 2 , 5 mM EGTA, and 0.2% Triton X-100 (T), pH 7.2, for 4-6 hr (glutaraldehyde concentration and the fixation time depends on gonad size) at RT. Ovaries for microtubules staining were fixed as previously reported (Milani and Maurizii, 2015) . Fixed ovaries and testes were washed with phosphate-buffered saline (PBS) (128 mM NaCl, 2 mM KCl, 8 mM Na 2 HPO 4 , 2 mM KH 2 PO 4 ), pH 7.2, for 1 h, and embedded in 6% agar. Sections of 80-100 μm thickness, obtained using a Lancer Vibratome Series 1000, were postfixed with increasing concentrations of methanol (50-100%) and processed as free-floating sections for immunofluorescence. Non-specific protein-binding sites were blocked in TBS supplemented with 0.1% Triton (T) containing 1% bovine serum albumin (BSA) and 10% normal goat serum (NGS) (both from Sigma), pH 7.4, for 1 hr and 30 min at RT.
PL10
Immunostaining. As primary antibodies we used anti-Ps-PL10-YEE and anti-Ps-PL10-DAL, diluted 1:7,000 and 1:5,000, respectively, with 1% NGS and 1% BSA in TBS-0.1% T, pH 7.4, and incubated at 4°C for about 60 hr. After washing, sections were incubated with a goat anti-rabbit polyclonal antibody conjugated with Alexa Fluor R 488 (Jackson ImmunoResearch Laboratories, Inc.), diluted 1:400 with 1% NGS and 1% BSA in TBS-0.1% T for 24 hr at 4°C, 1 hr at RT, and then washed.
α-Tubulin Immunostaining. Ovary sections, after digestion for 17 min at RT with 0.01% Pronase E (Merck) in PBS, pH 7.2, followed washes in PBS, were incubated with DM1A, a monoclonal anti-α-tubulin (Sigma), diluted 1:500 with TBS-0.1% T containing 2% BSA, for 60 hr at 4°C and then washed extensively for 24-32 hr. Finally, sections were incubated for 32 hr at 4°C with antimouse secondary antibody Alexa-Fluor 488 R (1:400; Jackson Immunoresearch) and then washed.
All the sections, independently of the antibody used, were also stained with a nuclear dye, 1 mM TO-PRO 3 iodide (Molecular Probes) in PBS, pH 7.2, for 10 min and, after washing, the sections were placed in drops of TBS on microscope slides. Then, the TBS was replaced with 2.5% DABCO [1,4-diazabicyclo[2.2.2]octane) (Sigma), 50 mM Tris, pH 8, and 90% glycerol], and the slides were covered by coverslips and sealed with nail polish.
Controls were performed using sections treated with NGS without primary antibodies before being incubated with the secondary antibody.
Sections were examined with Leica TCS SL SP2 and Leica TCS SP8 X confocal laser scanning microscopes, using Leica confocal software. Images were analyzed using Fiji (Schindelin et al., 2012) .
RESULTS
Sequence Analyses
Sequence similarity detected using BLAST indicated that the sequences obtained using VAS_AE and T1 primer pairs belonged to Ded1/DDX3 family. For this reason, we aligned and merged the two sequences, obtaining a longer portion of the newly characterized P. sicula pl10 gene (Ps-pl10 partial sequence, GenBank accession number KU898904; protein sequence Ps-PL10, 284 amino acids, AA). InterPro highlighted the presence of characteristic domains of the DEAD-box proteins: AA 2-171 DEADbox helicase domain (Pfam) and AA 194-284 Helicase C terminal domain (PROSITE) (Fig. 1) . The trees showed that Ps-PL10 sequence clustered with proteins of the Ded1/DDX3 subfamily ( Fig. 2 ; sequence alignment in Supplementary Material 1). The alignment of Ps-PL10 and orthologs from a sample of species shows conserved regions in the protein domains (Fig. 1) .
Antibody Immunoreactivity and Specificity
We carried out Western blots of P. sicula gonadic extracts to test the immunoreactivity of the newly produced anti-Ps-PL10 antibodies (antigenic peptides highlighted in Fig. 1 ). In ovary and testis extracts, anti-Ps-PL10-YEE and anti-Ps-PL10-DAL detected one band (72 kDa) (Fig. 3) or two bands (70 and 72 kDa) (Supplementary Material 2). Western blot in which the primary antibody was preincubated with a 10-fold molar excess (w/v) of the peptide against which it was produced showed a strong attenuation of the 70/72 kDa bands, supporting antibody specificity ( Fig. 3 ; Supplementary Material 2).
Confocal Microscopy PL10 Expression during Spermatogenesis. Ps-PL10 immunolocalization was analyzed in each phase of the reproductive circannual cycle of adult testis of P. sicula and also in immature testis (Figs. 4-7 using anti-Ps-PL10-YEE; Supplementary Material 2 using anti-Ps-PL10-DAL).
Full gonadic activity. In the seminiferous tubule in the spring, the marginal region of the lumen in cross-section shows many spermatozoa ( Fig. 4A and B) ; the wall of the seminiferous epithelium shows different generations of germ cells: spermatogonia, close to the basal membrane, and, in succession, a large population of spermatocytes I and II; many stages of spermatids in differentiation (elongation and maturation) are present in the apical region of the tubule (Fig. 4A) . In this phase, Ps-PL10 is present in the cytoplasm of both spermatocytes I and II with many small and dispersed positive granules and some bigger immunospots representing aggregation of PL10 protein; no staining is observable in spermatogonia and Sertoli cells (Fig. 4C) . A strong Ps-PL10 staining is evident in the cytoplasm of late spermatids, at the final stages of differentiation, just before spermiation, localized close to the tubule lumen ( Fig. 4A and D) . Spermatozoa released in the tubule lumen are unstained (Fig. 4B) .
Regression of gonadic activity in the summer. In late July, seminiferous tubules in cross-section show few unstained mature spermatozoa in the lumen (Fig. 5A) . In this phase, a stronger Ps-PL10 immunostaining is visible in the apical region, in particular in the lumen (Fig. 5A and B) , if compared to what observed during full gonadic activity. A magnification of this region shows immunostained masses and immunostained cells that fill the lumen (Fig. 5C ). In the wall of the seminiferous tubule, spermatogonia, that in this phase represent the majority of the germ cells, are unstained and some of them are in proliferation, while spermatocytes show small positive granules and some bigger immunospots in their cytoplasm (Fig. 5A) .
Slow autumnal recrudescence. In mid-late November, when animals start semihibernating (winter stasis), the epithelium of seminiferous tubules increases in thickness and each stage of differentiating germ cells is visible (Fig. 6A) , with Ps-PL10 expression present only in meiotic cells (spermatocytes I and II) (Fig. 6B ). In the small lumen, few unstained spermatozoa are present (Fig. 6A) .
In immature testes, when seminiferous tubules are forming, a low number of spermatogonia and spermatocytes are present in the wall (Fig. 7A) . Ps-PL10 is detected in meiotic cells in the central region of the tubule (Fig. 7B) , whereas spermatogonia, localized near the basal lamina, are unstained.
PL10 Expression during Early
Oogenesis. The distribution of Ps-PL10 was analyzed in adult ovaries from metabolically active and hibernating animals (Figs. 8 and 9 using anti-Ps-PL10-YEE; Supplementary Material 2 using anti-Ps-PL10-DAL), in particular, in the germinal bed (GB), where germ cells begin their differentiation, and in ovarian follicles during the most of the previtellogenic oocyte growth, when the differentiation of follicular cells takes place.
GB of Metabolically Active Animals.
In the spring-summer, the GB shows some germ cells organized in clusters and others, in different differentiation stages, dispersed among the somatic cells of the stroma (Fig. 8A) . In P. sicula, as in other lizards, and unlike mammals and birds, the GB, a small region located at the dorsal surface of the ovary, is responsible for the continuous renewal of germ cells during the reproductive lifespan (Filosa, '73; Jones et al., '82) . The GB consists of dividing oogonia, early meiotic naked oocytes, and primordial follicles immersed in a stroma of somatic cells (Filosa, '73; Jones et al., '82) . Oogonia and early meiotic oocytes (up to zygopachytene stage of meiotic prophase) are organized in clusters constituted of synchronized cells connected by intercellular bridges and bounded by stroma cells. This syncytial organization of the clustered germ cells disappears at the stage of early diplotene, leading to isolated oocytes surrounded by stroma cells (Filosa and Taddei, '76a, b) . Such clusters can contain one or the other of two types of germ cells characterized by a roundish nucleus: those with compact chromatin are likely oogonia, and those with dispersed chromatin are likely very early meiotic oocytes (Fig. 8A) . No Ps-PL10 staining is detectable in oogonia (Fig. 8A) . Ps-PL10 expression started in early meiotic oocytes with many granules and few, bigger immunospots in their cytoplasm (Fig. 8B) . The somatic cells of the GB stroma, recognizable for their elongated nucleus, are Ps-PL10 unstained ( Fig. 8A  and B) .
Previtellogenic Ovarian Follicles of Metabolically Active Animals.
Oocytes surrounded by a monolayer of follicle cells are released from the GB and represent early follicles (Andreuccetti et al., '78) (Fig. 8C) . These oocytes show in the cytoplasm bigger Ps-PL10-stained spots (Fig. 8C-E ) than those observed in early meiotic oocytes (Fig. 8B) . Stained spots appear concentrated in the perinuclear region ( Fig. 8C-E) . No Ps-PL10 staining is visible in the cytoplasm of the follicular cells surrounding the oocytes (Fig. 8C-E) . In the follicular epithelium, starting from ovarian follicles of about 100 μm in diameter, some follicular cells enlarge (becoming intermediate cells) and later, in larger ovarian follicles (Fig. 9C) , differentiate into pyriform cells (Filosa et al., '79) . With anti-α-tubulin staining the intercellular bridges between these cells and the oocyte are well evident ( Fig. 9A and  C) . Ps-PL10 expression is present in intermediate cells with few immunospots in their cytoplasm (Figs. 8C and 9B ), in the nucleus (Fig. 9D) , and also in the nucleolus (Fig. 9B) , in which the staining is visible only in projection of more optical sections. Ps-PL10 was detected as a larger number of spots in the welldifferentiated pyriform cells of ovarian follicles of about 800-1,000 μm in diameter (Fig. 9C) with numerous spots present in the cytoplasm and nucleus ( Fig. 9D and E) (for nucleolar staining in this stage see Supplementary Material 2). The number of Ps-PL10-stained spots increases in the oocyte cytoplasm with its size (Figs. 8F and 9D ). All small somatic follicular cells are unstained (Fig. 9B, D , and E).
Hibernating Animals. Lizards are ectotherms, like the other living reptiles. During hibernation, their metabolism, including growth and differentiation of the ovarian follicle, slows down (Filosa, '73) . In hibernating animals, ovarian follicles show completely differentiated pyriform cells that exhibit a strong decrease in Ps-PL10 signal in the cytoplasm of oocytes (Fig. 9F ) if compared to metabolically active animals (Figs. 8F and 9D ).
DISCUSSION
We characterized and compared in the lizard P. sicula the expression pattern of two members of the DEAD-box family, one protein belonging to the DDX4/Vasa subfamily (Ps-VASA) Maurizii, 2014, 2015) and one protein of the Ded1/DDX3 subfamily (Ps-PL10). This study represents the first report on PL10 expression pattern in reptilian germ cells of both sexes.
Analyses of the amino acid sequence supported that Ps-PL10 is a member of the Ded1/DDX3 subfamily, while Ps-VASA of (Figs. 1 and 2 ). Ps-VASA Maurizii, 2014, 2015) shows a different localization pattern compared to Ps-PL10 when analyzing the same reproductive phases ( Table 2) .
The main differences found are as follows:
1. Ps-PL10 from spermatocytes/early oocytes, Ps-VASA from spermatogonia/oogonia; 2. Ps-PL10 accumulation and disposal through residual bodies of late spermatids, Ps-VASA aggregation to the posterior portion of spermatid nucleus, close to mitochondrial midpiece; 3. both the proteins appear absent in mature male gametes; 4. both the proteins are present in follicular cells of the ovary that differentiate into pyriform cells (nurse-like cells).
For both the proteins, the staining appeared as granules/spots representing aggregation of molecules. Usually, very small stained granules can be seen before their aggregation in larger immunospots as soon as germ cell differentiation proceeds.
The observed differences support that the used anti-Ps-VASA and anti-Ps-PL10 actually react with different proteins. From the alignment (Fig. 1) , it appears also evident that the sequences of immunogenic peptides are not shared between PL10 and p68 sequences, further supporting antibody specificity.
The detection of two close bands in Western blot using one or the other anti-PS-PL10 suggests the presence of two variants of the protein, slightly different in molecular weight. Further analyses should be performed to clarify this issue as soon as transcriptomes or the genome of P. sicula will be available.
Ps-PL10 is Expressed in Male Meiotic Cells and Discarded with Residual Bodies
In adult testes, in agreement with mouse DDX3X protein localization (Sekiguchi et al., 2004) , Ps-PL10 is present in several districts of the seminiferous tubules, as observed for PL10 in the mouse (Leroy et al., '89) . A recent advance in this line of research shows how murine PL10 is particularly involved in the pre-pachytene/pachytene phases of prophase I (Inoue et al., 2016) . Accordingly, the expression of Ps-PL10 begins in spermatocytes located at the basal compartment of seminiferous epithelium; this expression time is particularly clear in the immature testis of P. sicula, when the wall of seminiferous tubules is forming. In this differentiation stage, few germ cells are present in the wall, allowing an easier localization of anti-Ps-PL10 signal in the cytoplasm of spermatocytes, while it is absent in spermatogonia (Fig. 7) .
Anti-Ps-PL10 signal is low in germ cell early stages and increases during differentiation but becomes gradually confined into the removed residual bodies. Indeed, in adult testis, antiPs-PL10 staining is stronger at the apical region of the tubules where residual bodies are located. Some differences can be highlighted when compared to available data on vertebrates: in humans, a Y-linked form of the protein is expressed at high levels in early spermatocytes, but shows its maximum in spermatogonia (Ditton et al., 2004; Gueler et al., 2012) , differently from P. sicula in which they show no anti-Ps-PL10 signal. More similar is the situation of the urochordate Botryllus schlosseri, in which the homologous protein BS-PL10 shows an expression climax during early spermatogenesis, and is absent in sperm (Rosner et al., 2006) . Anyhow, all these reports suggest a role of Ded1/DDX3 proteins during spermatogenesis, as reported for Noteworthy, during the spring, a strong Ps-PL10 staining accumulates in residual bodies (Figs. 4, 5, and 10; Supplementary Material 2) . Spermatozoon differentiation envisages the segregation of most of the cytoplasmic mass into the residual body and its release during the last steps of differentiation; the residual body does not have a nucleus and usually contains mitochondria, ribosomes, membranes, vacuoles, and vesicles (Breucker et al., '85) . In P. sicula, in the period of full gonadic activity, unstained spermatozoa detach from Ps-PL10 immunostained residual bodies and are released in the tubule lumen (Figs. 4 and 10) . Consequently, during the regression of gonadic activity, the lumen is filled with residual bodies together with several stained cells (Fig. 5B and C; Supplementary Material 2) . Accordingly, in Reptilia, the presence of cells sloughed off from epithelia and collected in the tubule lumen is well documented at the end of the reproductive season (Gribbins, 2011) . The accumulation of degenerating spermatids, visible as clusters of apoptotic cells, in the lumen of seminiferous tubules in mice (van der Weyden et al., 2006) has similarities with the cell clusters observed in P. sicula. This maintained clustering could be due to the persistence of intercellular bridges between germ cells up to the detachment of residual bodies, as described during human spermiogenesis (Breucker et al., '85) .
In P. sicula male, Ps-VASA is expressed from spermatogonia to spermatids in which the protein aggregates at the posterior part of the nucleus Maurizii, 2014, 2015) , as documented for DDX4/Vasa (Sato et al., 2010) and GRTH/DDX25 in the mouse (Sato et al., 2010; Tsai-Morris et al., 2004) . The aggregate corresponded to nuage material-namely the chromatoid body in spermatogenic cells-identified at the posterior part of developing spermatids in mammals (Fawcett et al., '70; Shang et al., 2010) . The fact that, in P. sicula, round spermatids do not visualized through the "royal" Fiji Lookup Table ( show an evident anti-Ps-PL10 staining (Figs. 4B and 6), while it is abundant in the cytoplasm of late spermatids (Fig. 4D) , may indicate that Ps-PL10 mainly act during the last phases of male gamete differentiation, after which it is promptly eliminated with residual bodies. Similarly, other proteins completed their activity during spermatogenesis and are then discarded from spermatids through residual bodies (see, for example, in mammals, Pan et al., 2005 , and in Caenorhabditis elegans, Gleason et al., 2012) .
Ps-PL10 Expression from Early Meiotic Cells to Previtellogenic Oocytes and in Nurse Cells
During P. sicula oogenesis, differently from Ps-VASA that is already present in oogonia, Ps-PL10 detection starts from the meiotic stages, whereas somatic cells of the GB stroma and somatic follicle cells are unstained. Ps-PL10 localization in previtellogenic oocytes is comparable to what observed in Xenopus, where An3 (PL10) was detected in both cytoplasm and nucleus of previtellogenic oocytes (Gururajan et al., '94; Gururajan and Weeks, '97) . However, in Xenopus, as well in the mouse, the protein localization was mostly detected in oocyte animal hemisphere (Sowden et al., '95) . In Drosophila, Bel (PL10) colocalizes with VASA in the nuage at the posterior pole of the oocyte cytoplasm (Johnstone et al., 2005) . In P. sicula, Ps-PL10 shows a subcortical-perinuclear localization but, in the analysed stages, no germ plasm-like structure is detected by confocal microscope analysis, supporting the already proposed absence of localized nuage material in the oocytes of this species (Filosa and Taddei, '76a, b) .
Follicle cells that increase in size after their fusion with the oocyte, first become intermediate cells and then pyriform cells, express Ps-PL10 (Figs. 8 and 9; Supplementary Material 2). The presence of Ps-PL10, as well as Ps-VASA (Milani and Maurizii, 2015) , in the nucleus and cytoplasm of these cells may be related to their function as nurse cells. In fact, pyriform cells are connected to the oocyte through intercellular bridges and are functionally related to Drosophila nurse cells (Taddei, '72) . In P. sicula, the nurse cells differentiate from somatic follicle cells after their fusion with the oocyte (Andreuccetti et al., '78) , differently from Drosophila in which they originate from the germ line (Koch and King, '66) . As it is well known, pyriform cells are functionally active in transferring RNAs together with cytoplasmic organelles into the oocyte (Motta et al., '95; Taddei and Andreuccetti, '90) . Since DEAD-box helicases are involved in RNA metabolism Fuller-Pace, 2013, 2015; Linder and Jankowsky, 2011) and processes related to transport (Hodge et al., '99; Tseng et al., '98 )-feature possibly extended to Ded1/DDX3 subfamily (Askjaer et al., '99, 2000; Yedavalli et al., 2004 )-the expression of Ps-PL10 observed in the nuclei of pyriform cells of metabolically active animals may suggest a role of Ps-PL10 in the transport of RNA molecules from the nucleus to cytoplasm, as previously proposed for Ps-VASA (Milani and , 2015) . Similarly to Ps-VASA expression, the presence of Ps-PL10 in the cytoplasm of pyriform cells may indicate its involvement in the metabolism of RNA molecules that will be transferred through intercellular bridges into the oocyte; indeed, the cortical and subcortical regions of oocyte cytoplasm show Ps-PL10-stained granules ( Fig. 9 ; Supplementary Material 2). In this connection, hibernating animals show a decreased Ps-PL10 signal, both in pyriform cells and oocyte cytoplasm (Fig. 9F) , if compared to metabolically active animals. The expression of Ps-PL10 in pyriform cells reminds what reported for Drosophila, where Bel (PL10) is localized both in nurse cells and follicle cells (Johnstone et al., 2005) , regardless of their germinal or somatic origin. Interestingly, Ps-PL10 was detected also in the nucleoli of pyriform cells since the beginning of their differentiation (Figs. 8 and 9; Supplementary Material 2). The presence of Ded1/DDX3 in nucleoli may suggest a role in the processing of rRNA, as indicated by the finding of An3 in Xenopus oocytes in extranucleoli from late stages II through stage V, the stages in which transcription of rRNA is most active (Gururajan et al., '94) .
In conclusion, the obtained results indicate that Ps-PL10 may have a role in the differentiation process of P. sicula male and female germ cells. Differently to what reported in others animals, in which Ded1/DDX3 is detected also in Sertoli and interstitial cells (mouse; Sekiguchi et al., 2004) and follicular cells (Drosophila; Johnstone, 2005) , Ps-PL10 is not expressed in somatic cells of the gonad in the analyzed stages; however, we cannot rule out Ps-PL10 expression in other somatic tissues. As reported, DDX4/Vasa and Ded1/DDX3 proteins show a wide range of expression patterns, and studies focused on the identification and expression of orthologous genes will surely help in understanding the features observed in the different organisms and in the different developmental stages.
